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RESULTS:
Constant shoulder scores and DASH scores were significantly improved in the operative fixation group at all timepoints (p = 0.001 and p < 0.01, respectively). The mean time to radiographic union was 28.4 weeks in the nonoperative group compared with 16.4 weeks in the operative group (p = 0.001). There were two nonunions in the operative group compared with seven in the nonoperative group (p = 0.042). Symptomatic malunion developed in nine patients in the nonoperative group and in none in the operative group (p = 0.001). Most complications in the operative group were hardware-related (five patients had local irritation and/or prominence of the hardware, three had a wound infection, and one had mechanical failure). At one year after the injury, the patients in the operative group were more likely to be satisfied with the appearance of the shoulder (p = 0.001) and with the shoulder in general (p = 0.002) than were those in the nonoperative group.
CONCLUSIONS: Operative fixation of a displaced fracture of the clavicular shaft results in improved functional outcome and a lower rate of malunion and nonunion compared with nonoperative treatment at one year of follow-up. Hardware removal remains the most common reason for repeat intervention in the operative group. This study supports primary plate fixation of completely displaced midshaft clavicular fractures in active adult patients. 
LEVEL OF EVIDENCE:

INTRODUCTION
Traditionally clavicular fractures have been treated nonoperatively, even when substantial displacement has been present (Fig. 1) . However, displaced midshaft clavicular fractures have been shown to be problematic in certain cases 1, 2 . Recent studies have demonstrated that the union rate after midshaft clavicular fractures is not as favorable as once thought [3] [4] [5] . A meta-analysis of recent studies showed that the rate of nonunion of displaced midshaft clavicular fractures was 15.1% after nonoperative care compared with 2.2% after plate fixation 6 . Moreover, malunion of the clavicle has been found to be a definite clinical entity 7 . In a recent prospective randomized trial, functional outcomes and patient satisfaction following plate fixation of displaced midshaft clavicular frac-
FIG. 1
Anteroposterior radiograph of the clavicle, demonstrating the typical deformity. The proximal fragment is displaced superiorly, while the distal fragment is displaced inferiorly, translated medially, and rotated anteriorly.
FIG. 2
The patient is placed in the beachchair position with the head slightly tilted to the opposite side and taped in place.
ture were superior to those following nonoperative treatment of such fractures 8 . In the present report, we describe the technique for open reduction and plate fixation of midshaft clavicular fractures.
SURGICAL TECHNIQUE
The patient is placed in the beach-chair position with a small pad behind the shoulder blade and the involved upper extremity tucked into the side with a bed sheet (Fig. 2) . It is not routinely necessary to drape the arm free. The head of the patient is supported with a headrest and is slightly tilted to the opposite side to provide easy access to the clavicle with operative instruments. The operative site is prepared in standard sterile fashion and is draped from the lateral border of the acromion to the sternum (Fig. 3) .
A horizontal skin incision is made along the superior surface of the clavicle and centered over the fracture site. The skin, platysma, and subcutaneous tissue are raised as a single flap (Fig. 4) . Care is taken to avoid injury to any identifiable supraclavicular nerves. Some denervation is inevitable; however, this is usually not a long-term clinical problem because of gradual reinnervation of the skin from the medial and lateral sides of the incision. The underlying myofascial layer is identified and is sharply dissected down to bone so that a single continuous thick flap is raised for later closure over the plate. Thereby, a two-
Fig . 3 The operative site is draped from the sternum to the acromion. The proximal and distal fragment ends are identified and marked. A horizontal skin incision is made between the two fragment ends and centered over the fracture site. Yellow arrow = sternum, and red arrow = lateral border of the acromion. Fig. 4 The skin, platysma, and subcutaneous tissue are raised as a single thick flap, exposing the underlying myofascial layer.
FIG. 5
The myofascial layer is sharply incised down to bone and raised as a thick flap. The fracture site is exposed and carefully assessed.
layer soft-tissue closure will be achieved at the conclusion of the procedure. Next, the fracture is exposed and carefully assessed (Fig. 5) . Typically, the proximal fragment is displaced superiorly, while the distal fragment is displaced inferiorly, translated medially, and rotated anteriorly; the flat superior surface of the distal fragment thereby faces more anteriorly rather than directly superiorly as a result of the action of the deforming muscles. After removal of the interposing soft tissue and clearing of the fragment ends, the fracture is anatomically reduced and is held in place with a reduction clamp (Figs. 6-A and 6-B) . A 3.5-mm dynamic compression plate is centered accurately over the fracture site so that at least three screws can be placed in each of the proximal and distal fragments 9 . We usually position Then, the distal fragment is distracted, elevated, and derotated to obtain the reduction. Fig. 6 -B The fracture is anatomically reduced and is held in place with a reduction clamp.
FIG. 7
A 3.5-mm precontoured dynamic compression plate is placed on the superior surface of the clavicle and centered over the fracture site.
fracture is oblique, a 3.5-mm lag screw is placed across the fracture site. Butterfly fragments, if present, are reduced and fixed to a major fragment with an interfragmentary compression screw if possible. It is important not to strip these fragments of their soft tissues. In approximately 20% of cases, the fracture is very comminuted, and in such situations the plate is applied in the neutral mode without compression. However, in the majority of cases, compression is applied through the plate.
It is important to correctly restore length and rotation. Preoperatively, the distance between the acromioclavicular joint and the sternoclavicular joint on the contralateral side is measured both clinically and radiographically in order to estimate the amount of clavicular length to restore.
Following wound irrigation, meticulous closure is performed in two layers. The myofascial layer is closed with number-1 absorbable sutures in an interrupted fashion (Fig. 9) . Then the subcutaneous tissues are closed with number-2.0 absorbable sutures, and the skin is closed with a subcuticular stitch or staples. The incision is infiltrated with 0.5% bupivacaine (Fig. 10) , and the arm is placed in a standard sling. An anteroposterior radiograph of the clavicle is made in the recovery room (Fig. 11) . A chest radiograph is not routinely made unless a
FIG. 10
Two-layer soft-tissue closure is achieved, and the skin is closed with a subcuticular suture and infiltrated with local anesthetic (0.5% bupivacaine).
FIG. 8 FIG. 9
Fig . 8 Three bicortical screws are inserted into both the proximal and the distal fragment. Fig. 9 After thorough irrigation, the myofascial layer is closed with interrupted absorbable sutures.
specific injury to the pleura is suspected.
POSTOPERATIVE CARE
The arm is maintained in a sling on a full-time basis for two weeks, after which use of the sling is discontinued and active assisted range-of-motion exercises of the shoulder in the scapular plane are begun. Full active motion is initiated at four weeks. When clinical and radiographic signs of union are present, strengthening and resistive exercises of the rotator cuff, deltoid, and trapezius are begun, usually at six to eight weeks. By three to four months, most patients are allowed to participate in all sports activities.
FIG. 12
Schematic demonstrating the difference between the precontoured anatomic plate and a standard compression plate, which tends to project from the bone medially and laterally and produces soft-tissue irritation.
FIG. 11
Postoperative anteroposterior radiograph of the clavicle, showing anatomic reduction of the fracture and secure plate fixation.
